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(57) Abstract: A magnetic memory device having MRAM elements the operations of which are ensured without any influence of a 
strong'external magnetic field on the internal leakage magnetic field. The MRAM elements (30) magnetically shielded by magnetic 
shield layers (33, 34) are disposed in intermediate regions (41), avoiding the end regions (43) and the central region (42) of the 
magnetic shield layers (33, 34). The magnetic shield effect is nullified in the end regions (43), and the internal leakage magnetic field 
strength is great in the central regions (42). Therefore in the intermediate regions (41) the MRAM elements (30) are not influenced 
by the internal leakage magnetic field and normally operate. 
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5 &mfrm 

X^t'J, .^tJ^S^ilStt^^UT^^MRAM (Magnetic 
Random Access Memory) iltMSnfcIt/t'Jgt, 
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l#:$i^fcFRAM (Ferroelectric Random Access Memory ) 

mWd-tfi 1 0 12 ~ 1 0 14 0 ^ i^CSRAM (Static Random 
Access Memory) ^>DRAM (Dynamic Random Access Memory) \Z 
m%m%-Z>\ZfemiKtJ (Endurance) tf'hZ<, £fc^m#^WV> 

? ©m^Snx^m b £ 5 F«l^3f if 2 nx s . 
10 ^ne©^^^t$f, (»*SHb) , 

JWBtt^U tbTa@$tlT^5©^, M it « Wang et al., IEEE 
Trans. Magn. 33 (1997), 4498 fcsBic^ tlX V> £ <£ 5 &> M R AM 

(Magnetic Random Access Memory ) t^^ta^lli/tUt^D, 
S^OTMR (Tunnel Magne t ores i s t ance) tt3&<DW&&l±lZ <£ 0, 

KiC 1 0 0 MH z Tiflf^oI^Tab^ C tifi R. Scheuer lein et al, 
ISSCC Digest of Technical Papers, pp. 1 28-1 29, Feb. 2000 Tfg^ 

25 ^5bfcMRAMtC»ViTlfc#itli?it^t. lUSH^t 
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tint z-^iK -<u>^a, D^^A^t 4 ©-?>^> 

15 ftftfc«kS h >^;Wt >J 71 3 ^Jf^nx^ 0 » 8B1SJB 2 tflBMbffljt 

M4k % L/ < tag ft; $i3rSdtfc<kO#aiit # & <, hy^3-M 
20 1 tt, TMRif 1 0ii©TMRif f:gi$tl§S2Ii©ffii:^t 

Cu, Ta^ TiNlOWStfflTt^. TittgI8«, TMRl 



WO 2004/064149 



PCT/JP2003/016341 



4 

S$nTViT, TMRif 1 O^OifMft, Mil IRtf** 

10 l:i^T, k'^hil li:ft&^ffl7-HIl 2t0^lI*5TM 

15 fcy-MftlHJll 5, y-hSil 6, y-X««l 7, 

*CD±ai$fc:, «7— \*M 1 2 , TMRlf 10, hill 1 

77^ > 2 1 «$tltl/^, t«ib7>^X^19il WJ* 
20 WLCDfciDCDyW y^ypm^b. hxmmv, 7-FI12tTMR$ 
?10 £<D|ffl3&>S3l€fHi£nfc«#ffiLfflE«l2 2 ^ H W >^IJi 2 3 

-iOr—Y. MESFET (Metal 

25 Semiconductor Field Effect Transistor) ^ #®<E>X-fy^> 
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tll7 0H MR AM (D^mm^m^^'t ifi* WX\£6m<D* : £V'te 
)V*<e;fr. ffiSfciSSH-rsify Ml 1 X.ZSm%&&m V- 1 2£ 
tl, ein&0D»#3i*li©^^^tt> TMRSf 1 0t*£, TMR 

if io \z&Mt£ftTmfrmv<Dm\zm?m&&ff?mR$}mmh7> 

5 5?*^ 1 9R^t>X7^ > 2 1 £*TT3o t>X7^f>2 1}t -fe> 
X7>^2 7 lC»«Sn, IBIt^nfelf 3S£^tBf-£o H*©2 

«k&1E1ftJi«fc:£ffl©K*gb#V>ffi&^bTV>3. cOT^fD'f Fffl 
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^i9@», MRAM©iK»tHb»f^*gftia*rs'b©T?*a. £ 

5 ^m-M2 6 tvx^v, tats® 2 h >*)vn u xji 3 uft\zm^ 
tilths. 

tf>^M^^-&T, ^©|b]££ "1" , "0" ©1i#g<hbTf3^-f 

mx$>y). attxtr>5&^ 5 Fff ©«tt©Kv>tttt£, fflBttxbr^a^Ffr 

©Stt©«Vi«IBKlcfct), «P*©- M 1" * "0" ^^ttiT^o £©M#- 
ffibteu 7 - Fl 1 2 d: h*y hi 1 1 ©PIlci^tBl/ii (h>^;i/« 

15 m ^sstb, ±ga©s^L©ift<SfcjKi;feaj*&±iBbfca*tBL/ffl«if 

Mh7>^X^ 1 9 $^btt>X7<>2 1 ttt*fflt^tt<fc 

±IBbfecfc5lc, MRAMI1 iftJI^O^j^ffi©^**^ U t h 
TMfti£ti2>&. E«©#f#fc»tt#fcm>TV>*&«K tt8in8#©J& 

i^§ g m 8 EiT)£li-<fea{b^^l4^fRi©S^ai?-ROT'fbfflif*ft 

^f6l©Kfe^#H s , &> ^4(^*^^2 0-2 0 01^7^* (O 
e) T&D, *&te8Urt-S£8cmA(R.H.Kocli et 
al. ,Phys. Rev. Lett. 84, 541 9 (2000), J.Z.Sunet al . , 2001 8 lh 
25 Joint Magnetism and Magnetic Ma t er i al £/J\ 2 £> 

£. Lfrfc. »#&#!$©««:& (He) WJ^.«Oe~10Oeg 
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MCD#S<D 1 MRAMOD^ffl^«it^> flSjatfelfcA* Sift 

£5 b ^ SB tltft V*Jv F^«fr 

20 0D^ty^a*-F©j;5^1^^-KTtt, 5 0 0 ~ 6 0 0 Oe©I 

Tt>350~600Oe J; "5 iftl^t'tl/TittS^^^^^S. 
25 MRAMi?(itfOTI#rtfcig^n, i$^31^Ct'bS3£$nS 
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£ 2 0 OeKT, M^V< }$ 1 0 O e Skl : \zWiZ.%>>&^&&%>a 

a >]&fci|feiHHS:© h (Mn Z nRtfN i Zn7x7-f 

4#fF|g 5, 902,690 ^gB»I»;fttfElffi (»5«, FIG. 1 Rtf FIG. 3) # 

I$0SASg5<l^^$tlTV^ (3Rffl#fFfg 5, 939, 772 
10 *RtfBim Fig. 1 Rtf Fig. 2) #M) . Hfc, 

2001-250206 ^t&fg (I5im HI 6 El ) #Rg) . 

Is&lsUHfib* ^B#fFKS 5, 902, 690 f Oj;5 CUf OA^v^ 
h^W^7x7-f 0 . 2~0. S'T'X^ (T) 

20 ft^Ni Zn7i7^f htO. 2 — 0. 3 5 T , M n Z n 7 x 9 "l* h T? 
ttO. 35~0. 4 7Tg^T*§^ MRAM$f ^gAt^M 
#<D;*C^£fct$C 1 0 OOe ^x^-T hS^Ol^fP^'fbT 

(i7x7^ Y<DMm t f&mz& 0S«$asS 1 i^D> mt&b&< ft&o 
*H«pfl ! FSg 5, 902, 690 ^ttteU JKJ¥©fBfcfc«fcV>*** M^A°y 

25 ->^-->3 >J^T«^^? 0 . 1 umgSTS^fefe, — ;i/HJB£ 
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^BI^ffFfg 5, 939, 772 -5§-Tte, A y *T— 5?©±T£ A — V a 

&^£>. 7fclffl#Wi& 5, 939, 772 f tl^$nti/^5 ^ — (Mu 
Metal) ©3H»te At i = 1 0 0, 000 n& tUtbTT^ V> «b © ©, tg 
5fH«Mfc«0. 7-0. 8 T£<£< , &Sfc^iH8#fc:2tb*&ftIbT 

m±> »i o ooe©aat^*«As*«:Vifc«)«)«iafiibTtt, /\°-^ 

d-T ©tSfn^b/^/j^T^-s c: Mtf te-€-©J* s#?fT^£ Steffi 

15 #W 2001-250206 t*C$c& Fit 

—)V F^^t&^t^li, $fc$c©t&fnaft;te l . 7T, liftt 
Mi 0 Oilt, «^ttW^»5. #Hi§ 2001- 

250206 #JC|B5fi$nTVi««jgtTa^>'-JVH*ff ofct ttfe, 
20 ^SP»J?.©ftA&^£fc:B&<ii £«««>TfflJBiT&3. 

HI, MR AM&^#jtJB2mS«&;fr &©»#£** bTPpliC^^i 

25 

H9§©5S!^ 
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>^y^tx^ : e | j (mr am) tvxMf&zn, mib^u 

25 -i?©«EI&»f®H (mi AS) Rtf-tOJIttW&sFiiiEl (S1BB) T 

3b o 



WO 2004/064149 



PCT/JP2003/016341 



11 

5 ^4A075H4B0tt, IrI> mMO^mXZ. §ICiOMR AUn 

mem^ IIi$W^§Fe-7 5Ni-5Mo-lCu 
10 £JB^;«<£>> ^OTMI?-/^ 5 0 0 O e & ft§Ba#3£ffi 

I7@tt iiit&Mft;*.mT&£F e - 4 9 C o - 2 VSrfflV^ 
2 0 0 Mm)l©liv'-JVHl (->-;VF?g) tlfcS®, 
#^5 0 0 O e (DW;&\Z.&tf%n^MR?&m.<Dft^im^$>Z>o 
15 ^8 8(1 H?U ^^BPJn^^^5 0 OOe0i^C*^T, Fe-4 
9 C o - 2V^Wc0(D, S£^>-;V F«©J¥£fc;fcf-r£ftTOI?-3§ 

3t9EiJ3:, IH, ^gBEPtJDa!W 5 0 0 O e <D«^iC43^T, Fe-4 
9 C o - 2V^^?5:5S^OS$©I^>'-^l ; lS^^t5rtM 
20 #3£^cD#;fi?l3T&£. 

110 m«> R, ^gU31iPlSS#^ 5 0 0 O e ©ii^r fc&^T, F e - 
4 9 C o - 2 V£ffl^fc|S&<D, a^->-;i/ FJi©:ft£ fc*f"f & 

^lliU ^MoW/^ 5 0 OOeOl^^^T, Fe- 
25 4 9 C o - 2 V)d^^5i^©I^Ol^'>-;V FJS^£K:*f*t3FW 
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&©#*UIIIT&£ 0 

5 (I13BI) T&£o 

mi 5 MRAMO^tU-fe^O-gKDW&^iT^^. 
liegft, MRAMO^tUtjKOftlllfffiSn?*^. . 
1170(1 MR AM©^flfi[Hi2§iaT&5, 
10 S180W:, MRAMOf tii^^^IMfiti^^^. 
gll9EIte> MRAM©fg#-ffib»fei!CSI3T&3o 

% bj * mm-? 5 * © & a © 
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& Kl te, Iff IB v"— ;U HS **ffiSB ;* ^ U m^- *M±LTte2>Ay5-- 

sfrsa ;* ^ u hug a° y s?© tio t#3e u t ^ s c t 

15 Tt^^tSSl^o 

25 ff^MRAMOA'^^-^S^n^n^J^t^'bOT^Ii (I1A0 
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fciu ^¥S^ttS^ti 1 B 0£> A- A»te»5«H 

unSOfllTfJi* I 1 4 1 6 gl^tfeMR AM^f (*^U 

RAMlf 3 Ote, K5fiUfcMRAMtra«©»aSRtXlbf^JSa&Wt" 

^ix, 1. 8 T^±©^p^'fb^^-r^>'-;i/ 

H13 3, 3 4^ TMRifftlOMRAMif 3 0 IDRAMf© 
ffiCD^?(^jd!OD R AM 4 5 , D S P 4 6 Rtf R F 4 7) t&lzM± 

istcm±tt 3 2 <D±m^.rsTfs^n j etimm^tLftm cm 1 ah^m 
15 miBm) . Rtf, i^>-;i/Ki3 3, 3 4 j&*Mit# 3 2 twz&nT, 

MRAMif 3 0 (DJiffit?^ F 4 0 ©Tg&fc^ft^niBg^ nfc 
20 — ;W FS 3 3 , 3 4 ©*iCHSBS#4 2 ^g&i&l?-©^ 

m^um^n. m%^— ji/HMo^^^i^^- ;i/F® 3 3, 34© 
^-r f 4 o ±\zmmv, &jk^ic£t±#3 2©±r^t 

FJf 3 3 , 3 4§itt§. *tihffite±l3*rafH 
25 «4 1fcMRAM* ; f 3 0*E1U «ft'>-JPHI3 3, 3 4£^-f 
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15 

;ry H 4 0 (DffiMtiLWT&MftlzmWL. ^rtlt SPUNKS' — )V H*Ttl 
^•ftKDm-^h, MRAMgf 3 0*5, 1^/-JVH1 3 3, 3 4 

JS3 3, 3 4lt MRAM<Z>_tT (X»MRAMSt¥i*/V^-^ 

RAM$f 3 0 &ftfflmnm^frzi£%mmfeffi^-)i'F'? : z>^£fe 

15 £V>o J:n^©l^ i^'>-Jl/Fl3 3, 3 4(t MRAMif 3 0 
<D±, Tfc^ft^n#ffi-r&tf>^«£V^ 4>&< <ht>— (#tMRA 

b^b^^e., ,^H5i©^^-e«> MRAMif 3 o H 

1 3 3, 3 4<D^mm4 3Itf^Mi4 2 £M ttT£m 2 & £ 
20 tia^T, MRAMgf 3 0^l*l§|Siai#l:f i^n§ 
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m 1 Ai~I 3 miZ^VtcM^—fr H« 3 3 , 3 4(t 
Hffi?L3 6 ^Httfe^^t ITfe «fcV>. m4 Am7bmm4Bm(DMWi<D 

;PHI 3 3, 3 4<DmmM4k&l- 8T^±TfeoT, f*07x7-f 

^•HT, :£ SB SB* tot, 5 0 0 O e ©*#&i£ift^ffi8#**B3;ta£ 
15 £bT^ift&fTO&. 

tt, QFP (Quad Flat Package) , LQFP (Low Profile Quad 
Flat Package) , BGA (Ball Grid Array Package) , LFBG 
20 A (Low Profile Fine Pitch Ball Grid Array Package) , LF 
L G A (Low Profile Fine Pitch Land Grid Array Package) f£ E 

25 &t£^TMmvrcmmm<nm.\fcm&7*-to ««^— ;n«Ji3 3, 341 

mi AIH75Sf£ 1 BU©<fc5 £ 1 6 0 p i n Q F p ^ 77\° y tr— i?<D 
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iTt^ll/fei^^^T^tlT, L : 2 8 mmX L : 2 8 mm© 2 
tSCOv"- ;p HI*D : 3. 4 5ram©riiTffiSb, ^(Dtp'b^zfiV 
X^-^3 7OTLL ^IT, 5 0 0 O e <8 Ifi iiK # SB Ifc 
-;H*Bfc¥fxfcl$iJnU 3 7 vmt^friz 

mhmm.mmun-v$>^^~-^-/^—^a^^^ f e - 7 5 n i 

- 5Mo- 1 Cu*«^t^-;l/HJl^tbTffi^fc«'&©rt^?KI?.gft 
10 g^**l6HI:St. Fe-75Ni-5Mo-lCu(i 

/ii = 1 0 0 0 0 0, fififtiSBMbM s = 0 . 8 Tt$§. F*33&}«3i£Ste 
is — JVPm-m-gs D*J^£>$$£T0D 2 8mm©M^^lTV^ 0 
^ffiWJ0»*«5 OOOetl, FSJ¥£ & 2 0 0 /tmtbfe. 

K§ 6 EJ3&>S, Fe-75Ni-5Mo-lC u*>6feS»«'>-;i/ K 

15 5 o o o e <Dm^Mft-mmMt£ftfrm&> mm^- 

fFfg 5, 939, 772 t©J:5?iMu Me t a 1 S £@B«£-r&#li£ £ £ o 

i^fi&ftfi£YbTOT&3/1~;* >^a.-;i/-8-& : F e - 4 9 C o - 2 V£ 

To Fe-49Co-2Vtt, Wt^M^ M = 1 2 0 0, l§fna<fbM 
s = 2. 3Tt^§. 
25 SB7BIj&>5, Fe-4 9Co-2V*iH>'-Jl'FIMtlTi^ 
^y$r-5>**SP<&«Mb3a&«2 8 2 O e Fe-75 
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N i - 5 Mo - 1 Gu&ttmt Ufc»^Oi»5/-^ FI t JtftbT, 
2 8 2 O e ODgtTTttMR AM/^IE^lClM^-r 3 £ t teH b 
5 Fe-4 9Co-2V§l^^HWI^^ ^ H 

ommD (3. 4 5mm) ^^llDl#li5 0 OOe il, 

10 — ;i/ KS<DJ*££ 2 0 0 , 2 5 0 s 2 7 0 , 3 0 0 , 3 2 0, 3 5 0 , 
4 0 0, 6 0 0, 8 0 0 /im©#i«AT^bfc%(DT?fe^ Z-<D 
i^©ff^0lW^^n2 8 2> 2 1 9 , 1 9 3 , 1 5 0 , 
117, 59, 18, 13, 10Oe<h&l9, JlO^^-^Hl^J? 

15 i8l(^tW&, MRAM^iE^^»jf^T^feJe)^«^ 

IMjtg£g±rWJ*.& £ £^H£bV>. fit, i*3«!?-3itm<Z)-t6B£ 2 
OOei bfeJg-a-, Fe-49Co-2 V m(0^^mm\^MP(^T^%^ 
-)V FlOTilTffll\ FJ1J?££ 4 0 0 ym^±CtWfct 

ftg^fUMf 3£ ££<fc 0, MR AM£^SB?fi$H&#fr £>HljiT£& £ 
25 ^^^T^U&BJi-^o 
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^9 111, Fe-49 C o - 2 V£#ttfcffiV>fc5' — ;VFB©JS£fc 

;VFJi©S£, ^£D> JB5H©L : 2 8 mm&ft Kl*JtS^**wb 
TV*3„ ;i/ FHOWR8«— J£ (3. 4 5 mm) T?^SPWiP^#« 5 
5 0 0 Oetl> '>-;VHiOJS$tt2 5 0, 2 7 0 , 300, 320, 
3 5 0 , 4 0 0, 6 0 0 jumtbfc. 

«mXi^^S^^:#< ^oTir^^, -?-n^o»Bf fc^^T«'>— 
10 0 Aim CDS'— ;l/ FUff 6 0 0 ai m©J¥ £ <£»3§-& £ l*I^<£> — )V H 

2 8mmfc^B^-r?)^«€rS2pi:U, S»fl5UTSUfcMft'>- 

15 ^&rt«^2 0»MO««L 1 <±&©SBfclHg«4 3 fclfBMS) , 2fctf 
4>fr#> S^i^tlfni 5%^l*I©M^L3 (±i$©4'^W4 2 
KfflS) £p&<, CftSO't'lWSE&L, (±3£0*IHMS«4 1 teffilS) , 

20 ViTMR AMif 3 0 RJfg&1?g^T & 3 „ 

1 6 0 p i n Q F P ^-tf :/£>A° y tr — ^UWl 2 8 mmX 2 8 mmT?^ 
D, ^05^MRAM0lO#5XU7(il:mm^, IjcTfelOmm 

m->-;V FJB 4 3 4 2 £ 4 1 

25 (il 3B@#i) ©-MtMRAMif 3 O^ISIUfCo Htlfc^ 
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Y) , i/ — )\,\*mmZ* 3 5 0 nm\ZVT%, MRAM£^gBlfM#^ 
Z\ MR AM <DJE1%W] ft* 

)k\Z. F e - 4 9 C o - 2 V&ilv'-jV FlCWCffl^, fg 5 EI 
^^bfc^m^S^*ViT> ^-;PFJ1 ©Fs1R5£ 2 mm, 
5 JP££ 2 0 0 Mm, ^g&EPioaiF-S 5 0 0 O e Sfcb, ->-;!/FJf 

it. 

fill 2m\$. Mfafc\sfcrty^-i?&t£\Ztt'?Z>n&ffi.R&m<DfrJf; 
15 $l:t#lT^§ n 

20 

5 H£/&*M£UUo 
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^13AIH I 9 1 2 0©#ig^lI«^^T, l^y-Ji' 

5 ^ 1 5 %£kft<D*>bffimi$,4 2 , W1^'>-^H1©S^&1 0%K 

>T&^Xz/ — )\> 2 5 % £1.1*1©^) 4 1 CMRAM^f 3 

0 £|B«-T£;i £^£0, M RAMif 3 0 ^IE^fc«i^$i±§ £ hffi 

10 jgl3BHlt MR AMP^IBgaJfg&^iC^ 1 t£> M RAMI 
f 3 0i:*l:, DRAM(Dynamic Random Access Memory) 

45, DSP (Digital Signal Processor) 4 6 SlI^R F (Rad i o 
Frequency) 4 7 ^(Df{&<Dm-?^^«c b fcft^OD^ifc^ y — 5? 
t>©T&3 0 fit, ±l3CDffiO^^^^^T», j&*rbfe±BB*HfiH« 

15 4 1 ftfc:Bafib&< TfeiVi. 4 5 Wi^42(:H ±fE©ffi<£> 

- C o - V^£^86T, Fe, CoR^N i 05 < & / M< tfe lt*^ 
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Fig.4B 
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